Financial network is a complex system in which transaction of securities take place. Due to its complexity, a minimum spanning tree (MST) technique is used to visualize the structure. This paper investigates the topological structure of 125 shariah-compliant stocks traded in Bursa Malaysia from the year 2000 until 2017. Financial networks of the shariah-compliant stocks are constructed using MST for three duration periods namely the precrisis, during crisis and post-crisis. To determine the important stocks in the networks, centrality measures are applied such as degree centrality, betweenness centrality, closeness centrality and eigenvector centrality. Lastly, overall centrality measures are computed to identify the overall characteristic of each node. The findings showed that, KUB Malaysia Berhad was the most influential stock in the pre-crisis and crisis periods. While, MK Land Holdings was the main stock in the post-crisis network.
Introduction
A network can be defined as a set of items, called vertices or nodes and connections between the nodes as links or edges. There are various types of networks such as the Internet, the World Wide Web, social networks, business networks, food webs, distribution networks, technological networks, biological networks and financial market network is one of them. Briefly, a financial market is a trading floor where transaction of securities consists of equities, bonds, currencies, and derivatives take place. Therefore, a financial market network consists of nodes which represent the stocks and the links represent the correlation between stocks. Basically, the correlation between stocks is based on a stock's price. The fluctuation of a stock's price from time to time exhibits a very complicated and complex system since the changes occur in the stock prices will affect other stock prices too. This complexity consequently makes the financial network a fascinating network which attracted much attention from many researchers to further investigate its structures and characterizations. In addition, the complex correlation elements make the financial network difficult to visualize.
Minimum spanning tree (MST) method is a common approach to visualize and simplify stocks correlation network. MST can be defined as a spanning tree with minimum weights. The application of MST is not only in finance, but is also widely used in other fields such as in industry (Sharif & Djauhari, 2012b) , transportations (Asrah, Djauhari, & Mohamad, 2017) and politics (Laud, 2015) . Furthermore, in finance, MST method has been a very popular method to analyze stocks' correlations since it was introduced by Mantegna (1999) . Instead of N N × correlation elements, it can be reduced to only N(N-1)/2 correlation elements and produce N-1 links where N is the number of stocks. Since decades ago, numerous studies have applied this method to analyze the financial market, for example, Bonanno et al., (2004) , Zhuang, Hu and Ye (2008) , Jang, Lee and Chang (2011) , Djauhari (2012) , Cheong et al., (2012) , Djauhari and Gan (2013, 2015) , Majapa and Gossel (2016) and Coletti (2016) . In Malaysian market, Sharif and Djauhari (2012a) , , Bahaludin et al., (2015) , and are among the studies investigated a financial network by using MST technique. topological structures. For instance, in Malaysian market, Gan and Djauhari (2012) , Bahaludin et al., (2015) , and studied the top 100 companies based on market capitalization with different time ranges. In the year 2007 until 2009, Gan and Djauhari (2012) found two main clusters with EUMS and BURSA as the key stocks. Later, Bahaludin et al., (2015) obtained three dominant stocks from the year 2011 until 2013, in which two of them are the same stocks found in Gan and Djauhari (2012) and the third stock was UEMS. Recently, continued the study of Bursa Malaysia market performance over the period of 2011 to 2017. They determined four main groups in the network dominated by MALAYAN, AFFIN, MRCB and CIMB.
Moreover, all the authors above used conventional stocks in their studies. Until now, there is no study that analyzes financial market network for shariah-compliant stocks by using MST. Thus, in this perspective, this study aims to investigate the topological structure of shariah-compliant stocks traded in Bursa Malaysia from 28   th   March 2000  until 29   th December 2017 by using MST method. For this purpose, the duration of the study is divided into precrisis, crisis and post-crisis periods. In this study, the aim is to determine the most influential shariah-compliant stocks in terms of degree centrality, betweenness centrality, closeness centrality and eigenvector centrality for each period. Lastly, the overall role of the stocks is measured by using the Principal Component Analysis (PCA). This paper is organized as follows. In the next section, this paper presents the data and methodology followed by a discussion on the findings and analysis in section 3. Finally, in section 4 conclusion was made from the results obtained. The list of 125 shariah-compliant companies and their corresponding codes is presented in the Appendix. The next subsection explains shariah-compliant stock, followed by the procedures of the MST and centrality measures.
Data and Methodology

Data
Shariah-Compliant Stocks
Securities Commission Malaysia (SC) is a legal organization entrusted with the responsibilities of regulating and systematically developing Malaysia's capital markets by providing a list of securities that has been examined as shariah compliance. In determining the Shariah-compliant status of the listed securities, Securities Commission Malaysia (2018) set up some criteria which need to be fulfilled by companies. The criteria are, the company must be free from interest (riba), gambling (maysir), doubtful transactions or uncertainty (gharar), and forbidden (haram) activities, for example, involvement in alcohol and pig farming. The shariah principles concentrated on the core business activities of the companies. It is worth to note that, if a company comprises halal and non-halal activities, it is shariah-compliant if and only if the non-halal activities are very small compared to the core activities, as well as its images and public perceptions are good. Furthermore, the core activities contribute to the people and the country.
Minimum Spanning Tree (MST)
MST is a well-known method to simplify the complexity of the correlation networks. There are four simple steps to create MST network. Firstly, logarithmic returns of daily closing prices are calculated and a correlation matrix is computed by using Pearson's correlation coefficient (PCC). Next, the correlation coefficient is transformed into a distance matrix as conducted by Mantegna (1999) and Mantegna and Stanley (2000) . In the consequential MST, each node represents a shariah-compliant stock in Bursa Malaysia and their distances are analyzed and taken as their strengths in terms of their correlations between stocks i and j.
The procedures to construct a network using MST are as follows. If ( ) i P t is denoted as the closing stock price of a company i (i = 1... N) at time t, then logarithmic return is calculated as:
Let C be a correlation of N N × matrix, where N is the number of stocks. While, ij ρ , is a correlation coefficient between stocks i and j calculated by using a Pearson's Correlation Coefficient formula: 
Then, a correlation coefficient, ij ρ , is transformed into a distance matrix, denoted by:
Lastly, the MST is constructed by using a Kruskal's algorithm as Kruskal's algorithm is one of the standard practice to find MST (Graham & Hell, 1985; Keskin, Deviren, & Kocakaplan, 2011; Mantegna, 1999; Mantegna & Stanley, 2000) . The advantages of using the Kruskal's algorithm are that it is mathematically appealing (Malkevitch, 2012) , easy to formulate although it is not the fastest algorithm (Nesetril, 1997) and no optimality problem occurs since the result of Kruskal's algorithm is independent of node ordering (Djauhari & Gan, 2013 .
Centrality Measures
A centrality measure reveals the most influential stocks in the network. There are four commonly used centrality measures in many studies such as degree centrality, betweenness centrality, closeness centrality and eigenvector centrality (Coletti, 2016; Coletti & Murgia, 2016; . In addition, an overall centrality measure is calculated to determine an overall role of each stock.
To begin with, degree centrality, ( )
, is to identify the most important node (stock) with respect to the number of linked nodes (Freeman, 1978) . It is calculated using the following formula:
where 1 ij A = if the stock i and stock j are linked and 0 otherwise. According to Freeman (1977) , betweenness centrality, ( ) B C i shows the ability of a particular node to control others by controlling the information flows between them. It is computed as follows:
where, ( ) jk g i is the number of shortest paths from stock j to stock k that pass-through stock i. Meanwhile, jk g is the total number of shortest paths from j to k, where j i ≠ and k i ≠ . The value of closeness centrality, ( ) C C i reveals the nearest distance between stock i and stock j, relatively. The closeness centrality of stock i, ( ) C C i is mathematically defined as:
where ( , ) d i j is the shortest path from stock i to stock j. Lastly, the concept of eigenvector centrality is to determine a node's importance in a network by asserting links to another node that are themselves influential (Bonacich, 1987) . Eigenvector centrality is denoted as:
Additionally, the expression is also can be written as
where ij A is an adjacency matrix and ( ) e i is an eigenvector of a largest eigenvalue, λ .
Overall Centrality Measures
In order to identify the overall role of each stock, an overall centrality measure is calculated by using principal component analysis (PCA), similar to the seminal work of , Pasini (2017) and . Vol. 13, No. 7; 2019 The investigation of an overall role of each stock produces a very large and complex data set since a matrix of N × 4 is computed where N is the number of stocks and 4 is denoted as the four centrality measures of stock i. In order to reduce this complexity and minimizes the information loss, PCA method is applied (Jolliffe, 2002 
Results and Discussions
In this section, the examining of the MST of shariah-compliant companies in Malaysian market for the three durations which are pre-crisis ( 
Minimum Spanning Tree (MST)
Figure 1 until Figure 3 present the evolution of MST from the three periods (pre-crisis, during crisis and postcrisis). Figure 1 portrays that, there were seven main clusters during the pre-crisis period and was dominated by KUB Malaysia Berhad (6874) with 31 stocks connected to it. Next is Paragon Union (9407) with a number of links of 14, Utusan Melayu Malaysia (5754) and Genting Plantation (2291) shared the same number of links which is 7, while Rex Industry (9946) and Mieco Chipboard (5001) have the same number of links which is 6. Lastly, Unisem (5005) has 5 stocks linked to it.
Figure 2 presents three main groups in the crisis period network in which KUB Malaysia Berhad (6874) was the key node with 28 stocks linked to it. Then, with 13 links, Batu Kawan (1899) was the second group. The third goup was Muhibbah Engineering (5703) having 8 stocks connected to it. The crisis period network shows that the stocks had low connections with other stocks compared to the pre-crisis period. Degree centrality is the number of links connected directly to a node (Freeman, 1978) . Normally, node with higher number of links connected to it, is the most important node in terms of degree centrality. Table 1 until Table 3 reveal the top five nodes which have the highest degree centrality for each duration. Table 1 until Table 3 show that KUB Malaysia Berhad (6874) has the highest degree values in pre-crisis and crisis periods which are 0.250 in pre-crisis and decrease during crisis with a degree value of 0.228 as depicted in Table 1 and Table 2 . Unfortunately, after the crisis period, KUB Malaysia Berhad decreases to the third rank with 0.097 degree value. While, MK Land Holdings (8893) has the highest rank with a degree value of 0.185 as shown in Table 3 . Besides, as observed in Table 1 and Table 2 , there are no consistent stocks listed as top five in the degree centrality scores in pre-crisis and crisis periods except for KUB Malaysia Berhad (6874). This signifies that, there was a restructuring of the network in order to acclimatize during a tremendous period. Table 2 and Table 3 further reveal that, only three stocks are consistently appear as having the uppermost score in crisis and post-crisis periods. The stocks are Muhibbah Engineering (5703), WTK Holdings (4243) and KUB Malaysia Berhad (6874). It explains that, there was a recovery in stocks which is Muhibbah Engineering (5703), which has increase in its degree value from 0.065 in the crisis period to 0.145 in post-crisis period. In addition, WTK Holdings (4243) shows an arising value from 0.041 during crisis period to 0.097 in post-crisis period. Nevertheless, the value for KUB Malaysia Berhad (6874), has sharply decrease from 0.228 to 0.097. Moreover, Table 3 tells that, there were stocks in the post-crisis period that entered the top five list after the crisis period. Example of the stocks are MK Land Holdings (8893), Hock Seng Lee (6238), IJM Corporation (3336) and VS Industry (6963). In other words, these stocks increase in the number of incident links after the crisis period.
Further, in Table 1 and Table 2 expose that the service sector was the strongest sector before crisis and during crisis mas.ccsenet.org
Modern Applied Science Vol. 13, No. 7; 2019 periods. Then, it was replaced by the property sector in the post-crisis period as illustrated in Table 3 . Table 2 also displays that the industry sector played an important role since there are three out of five stocks belongs to the industry sector. Similar to the construction sector, it was also an influential sector during the post-crisis period as it appears three times in Table 3 . Thus, this shows that, these sectors have many stocks linked to them which make them the most crucial stocks across all periods. Freeman (1978) stated that, betweenness centrality is a method to determine the importance of a node as an intermediary. The node that has the highest betweenness centrality value is interpreted as having the ability to control the information flow within a network. Thus, the node is considered as the most influential node in terms of betweenness centrality measure. The findings expose that the top five of betweenness centrality measure for three periods are presented in Table 4 until Table 5 .
Across pre-crisis and crisis periods, KUB Malaysia Berhad (6874) remained as the highest rank with betweenness centrality values of 0.908 in pre-crisis period and 0.921 in crisis period as described in Table 4 and Table 5 . Therefore, the information must pass through KUB Malaysia Berhad before it reached other stocks. In other words, KUB Malaysia Berhad controlled the information flow in the networks. Thus, KUB Malaysia Berhad was the most influential stock in both pre-crisis and crisis periods networks. Additionally, the highest value of betweenness centrality of KUB Malaysia Berhad indicates that the service sector was the most important sector in Malaysian Islamic market during those periods. However, the betweenness value of KUB Malaysia Berhad (6874) decreased slightly after crisis period with a score of 0.557 as portrayed in Table 6 . In the recovery phase, Table 5 painted MK Land Holdings (8893) as having the highest score in betweenness centrality value of 0.767. The post-crisis period displays an increased intermediary influence of Muhibbah Engineering (5703) and WTK Holding (4243).
Muhibbah's betweenness value has increased in value from 0.306 during crisis period to 0.532 in post-crisis period, while WTK's value has sharply increased from 0.095 to 0.359 as shown in Table 6 .
The findings in Table 4 and (6874) appears across all periods of study. Thus, it concludes that, KUB Malaysia Berhad (6874) was a good mediator in all periods. Likewise, it makes the service sector as an important sector. Besides, property sector also played an influential sector in the post-crisis period. Closeness centrality is defined as a measure of the average shortest distance from one stock to all the other stocks (Freeman, 1978) . Besides, closeness centrality quantifies how quick the information is distributed to all other stocks in the network. The top five of closeness centrality measures is depicted in Table 7 until Table 9 .
Analysis reveals that KUB Malaysia Berhad (6874) continues to be the top scorer in closeness centrality for both periods, pre-crisis and crisis with a score of 0.357 in pre-crisis and increase a little bit during the turmoil period with a score of 0.381 as displayed in Table 7 and Table 8 . In the next period, in Table 9 , KUB Malaysia Berhad (6874) was replaced by MK Land Holdings (8893) with a score of 0.292. Remarkably, MK Land Holdings (8893) jumped from the fourth place in the crisis period to first place during post-crisis period. Besides, KUB Malaysia Berhad (6874) and Unisem (5005) remained in the top five list for all periods. This result discloses that all other stocks were closely connected to KUB Malaysia Berhad (6874) and Unisem (5005) across all periods.
This investigation also reveals that the property sector was the most influential sector in the post-crisis period, while, the service sector was the most influential sector in both before and during crises. In general, KUB Malaysia Berhad (6874) and MK Land Holdings (8893) were near to other stocks in the networks. Also, it can be said that, the crisis spread through these key stocks. 
Eigenvector Centrality
According to Newman (2010) eigenvector centrality is a natural extension of the simple degree centrality. This measure shows the neighbour of a particular node, and also plays crucial roles in determining the importance of a node. It also can be said that, the stock (node) with the highest eigenvector centrality measure indicates that it is connected to the stock with a high degree scoring. Table 10 until Table 12 illustrate the top five highest eigenvector centrality measures in all periods. Table 10 and Table 11 portray that KUB Malaysia Berhad (6874) has the highest scoring in both pre-crisis and crisis periods with scores of 0.679 and 0.674, respectively. Unfortunately, with a value of 0.23, it made KUB Malaysia Berhad (6874) as the second important stock during post-crisis as revealed by Table 12 . MK Land Holdings (8893) replaced KUB Malaysia Berhad (6874) as the uppermost score during post-crisis period with a score of 0.654. Thus, MK Land Holdings dominated the network in terms of eigenvector centrality during postcrisis period. Interestingly, the results show that there are no consistent stocks listed in the top five except for KUB Malaysia Berhad across all durations of the study.
Generally, the service sector with KUB Malaysia Berhad took over the network in both before crisis and during crisis periods. While, property sector was the strongest sector in post-crisis period with MK Land Holdings as the important stock. In other words, these stocks had many important stocks connected to them. 
Overall Centrality Measure
From the above centrality measures, each of the measures has a unique definition. It defines that each of the centrality measures has distinctive characteristics. So, to determine the most prominent stocks with overall characteristics, an overall centrality measure is computed by using Principal Component Analysis (PCA), similar to the seminal work of , Pasini (2017) and . Tables 13 until Table  15 show the proportion of variance for the first principal component pre-crisis period which is 83.19%, 85.78% is in the crisis period and 83.49% in the post-crisis period. It is effectively acceptable to identify the overall centrality measure as mentioned by Jolliffe (2002) . Consequently, the overall centrality measure is computed and the five most influential stocks are exhibited in Table 13 until Table 15 .
KUB Malaysia Berhad (6874) played a very crucial role in the networks of pre-crisis and crisis periods as displayed in Table 13 and Table 14 with scores of 1.112 and 1.115, respectively. While, in Table 12 , the post-crisis period, MK Land Holdings (8893) with a score of 0.968 has replaced KUB Malaysia Berhad (6874) as the highest scoring in the overall centrality measure. This analysis tells us that, KUB Malaysia Berhad (6874) and MK Land Holdings (8893) have repeatedly appeared as the highest scoring in all centrality measures and all durations of study. As can be observed from Table 13 until Table 15 , even though Unisem (5005) was not having the highest score in the overall centrality measure, but it consistently was in the list in all periods of study. This makes Unisem (5005) also one of the influential stocks.
Hence, the results from the overall centrality measure expose that the service sector, property sector and technology sector were crucial sectors in the networks across all periods. 
Conclusions
This paper applies MST as a filtering tool to construct a financial network of 125 Malaysian shariah-compliant stocks which are consistently listed in SAC's list. The data collected is divided into three periods namely pre-crisis (2000-2006), crisis (2007-2009) and post-crisis (2010-2017) . This study aims to determine the topological structure of the Malaysian shariah-compliant stocks and identify the most influential stocks in each duration by using four centrality measures which are degree centrality, betweenness centrality, closeness centrality and eigenvector. The overall characteristic of each stock was presented by computing an overall centrality measure using PCA.
Generally, there were seven main clusters during pre-crisis period and three main clusters during crisis period. KUB Malaysia Berhad (6874) was the most important stock during both periods. Next, post-crisis network portrays five main clusters with MK Land Holdings (8893) was the most influential stocks among the five stocks. The service sector was a prominent sector during pre-crisis and during crisis periods, while during the post-crisis period, property sector was the strongest sector.
In terms of overall centrality measures which concluded all the four centrality measures, KUB Malaysia Berhad (6874) played a very crucial role in the networks during pre-crisis and crisis periods. It has the highest scores in all centrality measures in both pre-crisis and post-crisis periods. However, in the post-crisis period, MK Land Holdings (8893) replaced KUB Malaysia Berhad (6874) as the highest scoring stock in the overall centrality measure. Not only that, Unisem (5005) also contributed as an important stock although it does not have the highest score, but it appears in all three periods. Hence, service sector was an important sector before and during the financial crisis, whereas property sector was an important sector after financial crisis. Lastly, technology sector was considered as crucial sector since it emerges in the top five list of overall centrality measure across the periods of study. Above all, these findings may benefit investors who are interested in shariah-compliant stocks and consequently to determine which sectors and stocks they should invest in.
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